Objective. Bacteria have been implicated in the pathogenesis of many types of inflammatory arthritides. The aim of this study was to identify any bacterial DNA in synovial fluid (SF ) from patients with a range of inflammatory arthritides.
Bacteria have an established role in the pathogenesis of detection suggests the presence of metabolically active chlamydiae. septic arthritis, Lyme disease and reactive arthritis (ReA). Unlike septic arthritis, Lyme disease and ReA
In contrast, in enteric ReA, the detection of bacterial DNA from the triggering organism in the joint has been were traditionally thought to be driven by an autoimmune process, triggered from a distal site of infection, rare [7] [8] [9] . There have been sporadic reports of the presence of DNA from enteric organisms, notably because the aetiological bacteria could not be reliably cultured from the inflamed joint. However, the detection Campylobacter and Salmonella, in the ReA joint [7] [8] [9] . Moreover, attempts to detect yersinial DNA in the joint of Chlamydia trachomatis DNA in the joint of patients with sexually acquired ReA [1] [2] [3] suggested that intact of patients with Yersinia-induced arthritis, using a Yersinia-specific polymerase chain reaction (PCR), have organism resided in the synovium. Similar data exist for Borrelia burgdorferi in Lyme disease [4, 5] . The concept been unsuccessful [7, 10, 11] , although yersinial antigen can be detected [10] [11] [12] [13] . Clearly, there are a number of that the retention and presence of DNA implies the presence of whole organism was supported, for possible reasons for this. The triggering organism may be present only early in the disease, the bacterial reserChlamydia trachomatis-induced ReA, by the detection of messenger RNA from several chlamydial genes in the voir may be elsewhere in the body, such as the gut, or technical factors may prevent detection. Alternatively, synovium [6 ] . As messenger RNA is very labile, its the triggering organism may be unknown or not suspected of causing ReA.
describe patients who present with an arthritis clinically laboratory investigators. Knee joints were aspirated and the patients had not undergone recent aspiration or similar to ReA and who may also develop the extraarticular manifestations typically associated with ReA, injection. Only rheumatoid patients may have received immunosuppressive drugs, although there is no evidence such as conjunctivitis. However, UOA patients are distinguished from ReA by the absence of a clinically to suggest that they interfere with bacterial carriage. Sexually acquired ReA was defined as reactive arthevident, preceding infection. Several groups have detected C. trachomatis DNA in approximately a third ritis occurring within 4 weeks of a urogenital infection and enteric ReA was defined as reactive arthritis arising of the UOA patients studied [2, 3] , suggesting that some UOA patients may have a forme fruste of sexually within 4 weeks of an episode of diarrhoea. UOA was defined as a mono-or oligoarthritis occurring without acquired ReA. The role of other bacteria, such as enteric pathogens, requires evaluation.
evidence of a predisposing infection in a patient in whom other known rheumatic diseases had been Bacteria have been implicated in the pathogenesis of arthritides of unknown aetiology, such as rheumatoid excluded. RA and other defined rheumatic diseases were diagnosed according to standard diagnostic criteria. arthritis (RA), although supporting evidence is at best circumstantial (reviewed in [14] ). Data from experiJuvenile arthritis patients examined included those with pJCA of early onset (type 1) and of late onset (type II ). mental animals and human studies have suggested a role for mycobacteria [15] [16] [17] [18] . However, attempts to
Primer design for global PCR detect Mycobacterium tuberculosis DNA in the joint of RA patients have failed [19, 20] . The normal bacterial
To determine suitable primer sites, the most conserved regions of the genes encoding bacterial 16S rRNA were flora of the gut has also been implicated in the pathogenesis of RA, and in support, the cell wall components of determined by aligning the gene sequences from members of 25 bacterial genera using the software packages some of these organisms are arthritogenic [21] . Some workers have argued strongly for a role for Proteus from the University of Wisconsin Genetics Computer Group program. Seven regions were defined, all >50 mirabilis, based mainly on elevated titres to the organism in RA sera [22, 23] .
bases in length and containing very few base mismatches. These regions were used as templates to design primers Bacteria may also be involved in arthritis in children, especially those with pauciarticular juvenile chronic arthusing the Generunner software (Hastings Software, New York, USA). The sequences, alignment positions and ritis (pJCA) type II. Sieper et al. [24] suggested that some aetiological agents of ReA also have a pathogenic other characteristics of the primers chosen are illustrated in Table 2 . role in pJCA type II, because synovial T cells from 11/28 children had a specific proliferation response to Extraction of samples Yersinia enterocolitica and 6/28 to C. trachomatis. Demonstration of the bacteria in the joint would further SF collected from the Benjamin Franklin Hospital were extracted as described in Wilkinson et al. [3] . The SF support this hypothesis.
In summary, bacterial infection has been implicated pellets were resuspended in 100 ml of 5% (w/v) Chelex solution (Biorad, Hemel Hempstead, UK ), incubated in the pathogenesis of a wide spectrum of arthritides, although the evidence is not clear cut. The present paper overnight at 55°C and then spun to clear. For the Winchester samples, 1 ml aliquots of undiluted SF were describes the development of a highly sensitive PCR, with broad specificity for the bacterial kingdom, which spun at 15 000 g for 30 min, the supernatant was removed and the pellets were resuspended in 100 mg/ml has been applied to synovial fluid (SF ) from patients with a range of inflammatory arthritides to amplify any of Proteinase K (Boehringer Mannheim, Lewes, UK ) and 100 ml of lysis buffer containing 1 m EDTA, 10 m bacterial DNA present. Amplified products were sequenced and 'best fits' determined by searching bacTris-HCl and 1.0% Triton-X. Samples were incubated at 37°C overnight, then cleared by gentle centrifugation. terial genomic databases. The use of a similar technique has made it possible to identify previously uncharacterAliquots of DNA extracts from all samples were stored at −20°C until use. To obviate false negatives due to ized and uncultured bacterial pathogens in diseases such as Whipple's disease [25] and bacillary angiomatosis inhibition of Taq polymerase, a portion of each extract was spiked with DNA equivalent to 20 C. trachomatis [26 ] .
elementary bodies, then amplified as described.
PCR procedures

Materials and methods
To prevent the occurrence of false positives due to the Patients presence of Thermophilus aquaticus DNA in the Taq polymerase, the contaminating DNA was first removed SF samples were collected during diagnostic or therapeutic aspiration, from patients attending the Benjamin by digestion for 1 h at 37°C in 50 U of DNase I (Amersham International, Amersham, UK ) in PCR Franklin Hospital, Berlin, Germany, or the Royal Hampshire Hospital, Winchester, UK, with various buffer (see below). For sensitivity, a nested PCR was chosen, and the necessity to open tubes, with the attendarthritides as shown in Table 1 . Similar aseptic techniques were used at both centres and samples were blind ant contamination risk, was avoided using an adapted hot-start method. A wax bead (BDH, Poole, Dorset, coded so that their clinical diagnosis was unknown to UK ) was added with the initial reagents, which, after temperature was increased to 65°C. A sample was deemed positive when a product was detected at least amplification, solidified to seal in all reagents and any amplified DNA. The second-round reagents were gently twice. layered onto the wax and permitted to mix once the Verification of results wax melted. Extreme measures were taken to prevent contamination and these included pipetting PCR comAn aliquot of each sample extract was amplified using a very sensitive, C. trachomatis species-specific PCR ponents under a laminar flow of sterile air, using only sterile equipment and dedicated pre-and post-PCR targeting the cryptic plasmid, as described by Wilkinson et al. [3] . The amplification results were compared to rooms and pipettes. Contamination by aerosols was avoided by the use of Aeroguard@ filter tips (Alpha those of the broad-range PCR, to decipher whether the latter had failed to detect any bacteria. Laboratories, Southampton, UK ) and individually selfsealing PCR tubes which were only opened one at a Estimation of sensitivity time. PCR tubes and trays were irradiated with UV light for 10 min to inactivate any extraneous DNA.
The sensitivity of the PCR was estimated by adding purified bacterial DNA or known numbers of bacterial Negative controls of extraction buffer (during extraction) and of water (during amplification) were intercells to undiluted SF. As several of the components of SF inhibit DNA polymerase, e.g. haem and charged spersed frequently to monitor any occurrence of contamination.
polysaccharides [2, 3] , 'worst-case scenario' SF (very bloody or viscous fluid due to an abundance of hyaluronThe reaction mixture for the first round consisted of 20 ml per tube containing 16 m NH 4 SO 4 , 67.0 m idate) was used from patients with RA. DNA was isolated from bacterial suspensions (species described in Tris-HCl (pH 9.8 at 25°C ), 0.01% Tween 20, 3.0 m Mg2+, 3 U Taq (Bioline, London, UK ), 0.2 m NW9 Table 3 ) using alkali lysis and phenol chloroform extraction. Additionally, suspensions of whole bacteria (the and NW17, and 200 m of each deoxynucleotide phosphate. To this, a wax bead was added plus 5 ml of species are listed in the Results) were counted by light microscopy in a bacterial counting chamber and~200 extracted DNA. The reaction was processed in a Perkin Elmer Geneamp PCR 9600 (Perkin Elmer, Warrington, bacterial cells were added to 1 ml aliquots of SF from patients with RA prior to extraction, as for the clinical UK ) for 30 cycles, each consisting of denaturation at 94°C for 30 s, annealing at 50°C for 30 s and extension samples. at 72°C for 30 s. For the second step, a reaction volume Detection of PCR products of 25 ml was utilized consisting of the same reagents as above, except that primers NW11 and NW12 were After amplification, PCR products were detected by conventional agarose gel electrophoresis and stained substituted at a concentration of 2.0 m and the concentration of deoxynucleotide phosphates was reduced to with ethidium bromide [27] . For sensitivity studies, Southern hybridization was performed on DNA bound 100 m. Thermocycling parameters were identical to those of the first round, except that the annealing to a nylon membrane (Hybond-N, Amersham, UK ) by Identification of 'best-fit' bacteria vacuum blotting and the DNA fixed by UV. The mem-
The amplified product from PCR was sequenced on brane was pre-hybridized for 1 h, at 55°C, and then both strands and a 'best-fit' species or genus on the hybridized overnight, using 100 pmol of NW11A genomic database had >95% homology over at least labelled at its 3∞ end with digoxygenin according to the 130 bases. The majority of 'best fits' were identified at manufacturer's instructions (Boehringer-Mannheim, genus level, rather than species level. However, four Lewes, UK ) as the probe.
species were identified, but other members of the particular genus showed homology of within 3% of that species Identification of the PCR products and in one sample two different organisms, Pasteurella PCR product was identified following nucleotide sequenspecies and Haemophilus influenzae, were identified as cing. Approximately 80 ng of PCR product were 'best fit'. In addition to the bacteria shown in Table 5 , sequenced on both strands using 0.2 m NW11 or NW12 DNA homologous to Bacillus species, common airborne as primers and the Dye Deoxy@ Terminator system contaminants, were identified from the joints of five (Applied Biosystems, Warrington, UK ). Thermocycling patients: two with a clinical diagnosis of enteric ReA, conditions used were denaturation for 10 s at 96°C, two with RA and one with osteoarthritis. annealing at 65°C for 10 s and extension at 60°C for In four patients, good sequences were obtained from 4 min. The samples were run on a 373A automated PCR products amplified from the joint, but these had sequencer (Applied Biosystems, Warrington, UK ) on a no significant homology (<85%) with bacterial species 6% polyacrylamide gel. The closest alignments of the in GenBank or EMBL, or with each other. These PCR identified sequence to other bacterial sequences located products were amplified from the joints of three patients in the Genbank or European Molecular Biology who had pJCA type 1 and one patient with ReA. ( EMBL) databases were determined, using software Multiple PCR products were amplified from the synofrom the University of Wisconsin Genetics Computer vium of two patients with UOA, three with RA, two Group program. 'Best-fits' of~95% or greater homwith osteoarthritis and one with enteric ReA. Cloning ology were recorded.
would be required to obtain nucleotide sequences.
Comparison of sensitivity of the broad-range PCR with
Results a species-specific PCR targeting C. trachomatis The sensitivity of the broad-range PCR Chlamydia trachomatis was detected as 'best fit' by sequencing the product from the broadly specific 16S The sensitivity of the PCR for the different species was established using stocks of bacterial DNA, serially rRNA PCR in two of three samples which were positive by the species-specific PCR. The lower detection rate of diluted using phosphate-buffered saline. The lowest quantity of DNA amplified (per 5 ml sample) for each the PCR targeting the 16S rRNA in comparison to that of the PCR targeting the cryptic plasmid is similar to species is listed in Table 3 . The PCR could only detect 10 pg of Mycoplasma hominis DNA; this may be attribthe finding of other studies [2, 3, 28] , and is attributed to the plasmid having a higher copy number. However, uted to the fact that the Mycoplasma family is significantly distinct, in evolutionary terms, from most eubacthe ability of the broad-range PCR to detect C. trachomatis DNA in two of the three samples demonteria. The PCR primers did not cross-react with human DNA.
strates that it is highly sensitive; C. trachomatis is present in very low levels in the joints [2, 3] . As SF contains potential inhibitors for Taq poly- may have prevented the detection of bacteria in samples Discussion with a low cellular content. Species-specific PCRs have been used to detect DNA Bacteria present were identified as a 'best fit' of the from suspected triggering bacteria in the joints of 180 base pair PCR product to the bacterial genomic patients with ReA and UOA. This has helped provide databases. Fidelity of sequencing is clearly critical to a greater insight into their pathogenic role in the disease.
'best-fit' identification, and as Taq polymerase has no However, such studies still failed to reveal the presence proof-reading capability, base substitution errors might of bacteria in the joints in up to half the cases [2, 3] occur. However, we compared the nucleotide sequences and it is clear that the use of a species-specific PCR of PCR fragments produced by normal Taq and a proofwould miss any bacteria not yet implicated in the reading Taq (Bio-X-Act, Bioline, London) and observed pathogenesis of inflammatory arthritides. Accordingly, no differences. Thus, any errors during the extension we set out to develop a broadly specific PCR capable step were not considered likely to result in false identiof detecting virtually all eubacterial DNA. fication of 'best fit'. In 8/26 samples from which a PCR A prime requirement is that the broad-range PCR product was obtained, adequate nucleotide sequences should have adequate sensitivity to detect the anticipated were not achieved, because of the presence of multiple low number of organisms likely to be present in the PCR products. joints of patients with inflammatory arthritides.
Bacillus DNA was detected in two patients with RA, Sensitivity is theoretically improved by choosing a multitwo patients with enteric ReA and one patient with copy gene such as the 16S rRNA gene target used here.
osteoarthritis. Patients with non-inflammatory arthritSensitivity is further increased by the use of a nested ides have lower joint vascularity than those with PCR, although the use of stringent precautions (as inflammatory arthritides, hence random bacterial migradiscussed in Materials and methods) is necessary to tion to the joint is less likely. The detection of Bacillus prevent contamination. This PCR was capable of DNA in a patient with osteoarthritis suggests that its detecting ∏10 eubacteria/5 ml of DNA extract.
presence is due to contamination, probably from airEssentially, the PCR proved 'kingdom specific' for the borne spores. Wilbrink et al. [29] , using a similar broadeubacterial kingdom, albeit with reduced sensitivity for range PCR protocol but more extensive precautions at Mycoplasma.
sampling, detected Bacillus stearothermophilus in the It is likely that bacteria are transported to the joint joint of two patients with UOA. within immune cells, implying that larger numbers of If we therefore exclude the presence of Bacillus DNA bacteria might be present in a more cellular joint effuas arising from contamination, bacterial DNA was sion. Our DNA extraction protocol for SF was standardpresent in 21/57 (36.8%) SF samples from patients with ized for the quantity of fluid rather than cellular content various arthritides. Evidence that the PCR was sensitive in order to avoid the extra manipulation which might and performing as expected was provided by the detection of 'best fits' for C. trachomatis in two of three have given rise to contamination. We accept that this
